Samples of algae and periphyton were collected from the study area; 39 species of algae and diatoms were identified in samples taken from the riprap zone.
However, only one algae (Spirogyra) was collected outside the riprap zone.
This algae was unattached and possibly washed into this area.
Diversity of fish species, abundance and activity levels of fish, snails and crayfish, and the density of algae were found to be higher within the riprap zone. Increases are attributed primarily to the presence of underwater structures and riprap surrounding these structures. Biological diversity, abundance and activity levels were much higher at night than during the day. Most areas of the bottom were free of Data obtained through visuaJ observations and handsampling were used to supplement and correlate with mechanical sampling data.
METHODS
Open circuit SCUBA was used for all dives, and a 16 ft Boston
Whaler served as the primary support vessel. Although the-1974 field schedule originally called for 5-6 dives per month from April through November, inclement weather, limited visibility and problems associated with equipment and operational logistics forced a reduction of the diving schedule nearly every month. However, portions of the intake and discharge areas were examined in April, May, June, September (discharge area only) and October, thus establishing some spatial and temporal continuity.
Standard monthly observations were made at permanent stations located within the riprap zone (Fig. 1 ). The north discharge structure and either the middle or south intake structure were examined regularly.
Swims were conducted around the top and base of the structure and a section of riprap 2-3 m wide surrounding the structure. Sampling and swims farther out onto the riprap were intermittently conducted. Observations were also made at a control station outside the riprap area.
This station is located halfway between the intake and discharge structures at a depth of approximately 7.6 m, and covers an area parallel to shore 2-3 m wide (dependent upon visibility) extending for a distance of 200 m northward from the north range pole. Supplemental dives were performed on seven occasions, three at non-permanent locations; these dives are discussed in the observations section. Because visual observations tend to be subjective, the following terms or phrases used in the report are defined: few = 1-10, many = 10-50, numerous = 50-100, and abundant = more than 100. For the sake of brevity the terms "apart," "high" and "length" were used to describe ripple marks. "High" refers to the trough-to-crest distance, and "length" refers to the distance from one end to the other of an individual ripple mark.
Ripple mark direction (the direction from which they were generated)
was determined with an underwater compass. "Riprap" refers to the broken stone surrounding the various intake and discharge structures. Areas of gravel or silt were not observed. The floe layer that covered the sand was unusually heavy, 8-10 mm thick, and easily placed into suspension. Ripple marks were noted to be running from the northwest.
They were 15 cm apart and 2-5 cm high, and were cross-hatched by smaller ripple marks running from the southwest. There was no noticeable current, the lake was calm, there was little wind and the sky was clear. None of the fish were seen to swim near the sides of the structure or through the intake grids, nor was any schooling behavior observed.
It is interesting to note that only one (yellow perch) of the five species of fish most common to the area (alewife, spottail shiner, yellow perch, rainbow smelt and trout-perch) was observed during May 1974 diving operations.
In particular, alewives were very abundant inshore during this time of the year, and no explanation can be given at this time concerning the absence of this species at the dive site.
The divers then swam west across the riprap and 10 m onto the sand.
No significant biological changes were noted between the areas of riprap and sand examined.
Many pieces of riprap were overturned by the divers but fish eggs
were not observed, nor were macrophytes.
DIVE NO. 5, 21 MAY, SOUTH INTAKE STRUCTURE
Horizontal visibility at working depth was 3.5 m. Water temperature at the surface was 13.3 C, 11.1 C on the bottom. Air temperature was 24.5 C, the lake was calm and there was little wind. There was no noticeable current.
A portion of the riprap adjacent to the structure was examined and found to be covered with a thin (3 mm) layer of floe. Periphyton, but no Cladophora^grew sparsely on the riprap.
The top of the structure was also covered with a 3 mm layer of floe.
Cladophora was not growing in the central portion of the top of the crib. were scattered randomly over the area. The riprap on the back side of the structure, opposite the slot discharge, was much more homogeneous, with diameters ranging from 15 to 40 cm. There was a light layer of floe covering this riprap, but patches of sand were not observed. The primary differences noted between the riprap surrounding the north discharge structure and that surrounding the south intake structure examined the day before were: the discharge riprap was coarser, had less floe covering it, and patches of sand were not observed anywhere in the intake area.
Transect swims were conducted. During the north swim, many empty snail shells (Goniobasis sp.) and one severely decayed yellow perch were noted.
Twelve caddisfly larvae were counted during the west transect swim. The bottom consisted of well-sorted sand with no noticeable floe covering it. Large ripple marks 15-20 cm apart, 2.5 cm high and 50-90 cm in length were running from the northwest and were cross-hatched by smaller asymmetric ripple marks running from the west and southwest.
Loose algae (Spirogyra) had accumulated in patches 2.5-7.5 cm in diameter with a frequency of 2-5 patches/m . Clumps had been collected during the previous few days in seines, trawls, gill nets and plankton nets.
Aggregations of this algae had not been noticed during previous dives in the area. Since the algae was unattached, it may have been washed into the area. Macrophytes and organic debris were not observed.
Observations pertaining to the fishing position and entrapment mechanism of the described net were:
Tangles or twists in a 2 m high net can render a 2-3 m section ineffective.
2)
The use of spreaders at each end of the net greatly increased the width and effectiveness of the first 3 m of the net.
3)
Algae accumulation on the netting mesh greatly increased the visibility of the net.
4)
Close mesh sections (1.3 cm bar mesh) of the net were visually more prominent than the large mesh sections (10.2 cm bar mesh).
5)
Direction of fish entry, i.e., direction of their movement, was easily determined; 75% of the fish entered from the west side (the net was set north to south, parallel to shore).
A total of 683 alewives, 9 yellow perch and 8 spottail shiners were taken in this net, primarily in the first three of 11 panels of progressively increasing mesh size. The net was set from 0610-1830 hr (12 1/4 hr) and the dive was made during the last 2 hr. Two points should be noted:
first, the efficiency of the panels in which the fish were caught was greatly reduced by the end of the set. The panels, which contained alewives, were very conspicuous to the divers because the fish were actively twisting and turning. Second, although fish were obviously present in the area of the dive and visibility was good, free-swimming fish were not observed. This suggests that failure to observe fish does not exclude their presence from the area of observation. A few crayfish were seen hiding among the riprap. Snails (P. integra) were very abundant although, as has been noted consistently during both transect swims and general observations, their distribution was uneven. The density of snails at one location was estimated to be 2 100-150/m (10-15 sq ft). Snail egg cases were very abundant, but their distribution was also uneven.
During the observation period, many fish were seen on top of the structure. Spottail shiners were abundant, with a density in the first 3 meter of water above the top of the structure estimated to be 10/m .
These fish appeared to concentrate near the top of the structure and none were seen while descending or ascending.
The spottails were swimming randomly, not schooling or spawning, and when captured and squeezed did not exude gonadal products. Spottail shiners were not observed at a level below the top of the structure. It appeared that sculpin were less abundant than during the previous night dive.
Eight johnny darters were noted, all resting on the riprap.
Approximately 20-30 alewives were observed scattered throughout the 4.6-9.1 m depth interval, all adults, solitary and not observed to remain stationary or approach the riprap. The infrequency of observed alewives was unexpected because, during fishing operations in the area the night before, extremely large numbers of alewives were seen "jumping" and schooling on the surface. However, if the alewives were concentrating at the surface, they might not be observed in large numbers at the depths (4.6-9.1 m) where we were diving.
The primary intent of this dive was to contrast day/night levels of species diversity, abundance and behavioral activity. As noted on previous occasions, the species diversity and abundance of fish and the number of snails observed was much higher at night than during the day.
DIVE NO. 11, 14 Two other locations in the area were examined, and two 100 m swims were conducted during the course of the dive.
Horizontal visibility at working depth was 1.5 m. Water temperature at the surface was 15.6 C, 7.8 C on the bottom. The thermal interface was v€iry well-defined, but the depth at which it occurred was not determined.
A noticeable current to the southeast was present. Coldwate^upwelling, poor visibility and rough surface conditions combined to make diving conditions poor.
At the five coring stations and two other locations, as well as during the two 100 m swims, the bottom type varied more than had been observed during previous dives in this area south of the riprap zone.
The increase in variability may have resulted from the larger number of observation stations and the greater alongshore distance covered, compared to previous dives such as No. 9 when only 160 m was swum.
Bottom types encountered included: 1) hard, fine sand; 2) hard, fine sand with patches of loose algae and organic debris present (patches were 2.5-7.5 cm in diameter and occurred with a frequency of approxi- The large ripple marks were 20 cm apart, 3 cm high and running from the northwest.
Ripple marks observed at all the previous locations examined were 10 cm apart, 1.5 cm high and running from the norttiwest.
As in the previous dive, live molluscs were not observed although shell fragments were present at several locations. No live fish were observed. Four dead alewives were counted. Macrophytes were not observed.
DIVE NO. 16, 24 SEPTEMBER, NORTH DISCHARGE STRUCTURE Horizontal visibility at working depth was 1.8 m. The Secchi disc reading was 1.5 m. Water temperature at the surface and bottom was 17.0 C. Air temperature was 23.9 C, and the sky was partly cloudy. A current to the north was noted.
Both the top of the structure and the riprap were covered with a thin layer of floe (3 mm) . The riprap surrounding the structure was examined for scour, but none was observed. The bottom area to the north and northwest of the structure was examined out to the riprap /sand boundary. This area appeared to be the same as when last examined (June, Dive No. 11). Limited water pump circulation from the plant had taken place between July and September.
Cladophova was growing on top of the structure to a length of 3-4 cm.
Growth was uneven but extensive and extended at least 1.8 m inward from the edge of the structure. This was the first occasion in 1974 during which Ctadophora was observed to be growing on this structure.
Cladophora was not observed growing on the riprap surrounding the structure.
Relatively large (1-3 m diameter) loose aggregations of organic debris (planks, tree branches, small stumps, leaves and dune grass) were randomly scattered over the bottom on the south and east sides of the structure. Macrophytes were not observed.
Snails (P. integra) were abundant on the riprap. Gastropod (P. integra and Goniobasis sp. or Pleurocera sp.) and sphaeriid shells had accumulated in abundance on small patches of sand adjacent to the base of the structure.
Sculpin and crayfish were abundant but were hiding beneath the riprap and were frequently not observed unless the stone was overturned.
Two johnny darters were seen on the sand north of the riprap; none were seen on the riprap. Pelagic fish were not observed.
DIVE NO. 17, 23 OCTOBER, MIDDLE INTAKE STRUCTURE
Horizontal visibility at working depth was 1.2 m with underwater lights.
Water temperature at the surface and on the bottom was 13.0 C.
Air temperature was 16.7 C; the lake and the wind were calm. Almost constantly for 5 weeks prior to this dive, the weather was inclement and seas had been rough. During this dive, both a current to the north and surface wave action were noticeable.
The floe layer on the top of the structure and the riprap was of average thickness, 5 mm. This was somewhat unexpected, since after 5 weeks of increased water mixing and sediment suspension, either an unusually heavy settling out of floe or removal of floe from the area might have been expected.
Cladophora 2-4 cm in length was growing on top of the structure and sparsely on the sides of the ice guards. The upper surface of the riprap was also covered by Cladophora 1-2 cm in length. The algae on the structure and the riprap was examined for fish eggs; none were observed.
Numerous pieces of riprap were overturned but fish eggs were not observed among the stones. However, bryozoa were growing on the sides of two pieces of riprap. Approximately 10 large sculp in were counted on top of the structure.
They could be approached to within a few centimeters without being disturbed. When disturbed, they swam only a meter or so before coming to rest.
The density of sculp in on top of the structure was estimated 2 at 0.5 fish/m . Several sculpin were seen resting on the oblique sides of the ice guards, and 50-75 were seen between the riprap. As with the 2 snails, the density of sculpin varied from zero to several fish per m .
One large and one medium sized adult lake trout were observed briefly as they swam slowly through the range of the underwater lights.
The sighting of large fish, particularly salmonids, was unusual; perhaps these trout may have been attracted to the underwater lights. No other species of fish were observed.
A qualitative analysis of the periphyton samples collected from both the top of the structure and the riprap is presented in Table 4 .
Compared with the other samples presented in the was conducted from the south side of the north discharge structure to a point 100 m southwest of the south discharge structure. Nothing unusual was observed.
Cladophora was growing on top of the north discharge structure and was considerably longer and more luxuriant than that observed on the top of the middle intake structure (Dive No. 17) . During the 400 m swim, Cladophora was also seen growing on the riprap. In general, the Cladophora growth was longer and more luxuriant in the discharge area. When a diver's presence is sensed, pelagic fish tend to retreat from the area, whereas demersal fish hide on the bottom or between the riprap. Fishing efforts have shown that in this area lake trout concentrate inshore during the fall and are most active at night. Although only one night dive (No. 17) was performed during the fall, two lake trout were observed. Prior to this, lake trout had never been observed by our divers. Additional data from fall nighttime diving should continue to document the known inshore concentration of these fish during this time of the year, and their predominantly nocturnal activity.
2)
Fish eggs were observed during two months of diving activity.
In May, slimy sculp in eggs were collected from riprap in both the intake and discharge structure areas. During June, spottail shiner eggs were collected from Cladophora growing on top of the south intake structure.
In both cases the eggs were attached, not pelagic, and larvae were hatched from them in the laboratory. Two conclusions may be drawn from these observations. Since the eggs were attached (not pelagic), Crayfish were observed during every month of diving. As indicated by observations in the individual dive reports, the abundance of crayfish varied greatly over both space and time.
4)
Physa integra was the most frequently observed gastropod and was seen during all months that diving operations were conducted.
Shells from either the genus Goniobasis or Pleurooera were collected.
However, poor condition prevented identification at the species level.
5)
Sphaeriid (fingernail clam) shells were frequently observed.
Live specimens were not often seen, probably because only the exposed surface of the bottom was examined, not the underlying strata.
6)
Macrophytes were not observed on any occasion.
7)
Eight species of green algae, one species of blue-green algae and 30 species of diatoms were noted in samples collected in the vicinity of the Cook Plant (Table 4) . Only one green algae (Spirogyra sp.) was observed outside the riprap area.
8)
Cladophora was not seen on the south intake structure in April but was present by May and remained through the last dive of the field season (October). Cladophora was not observed on the north discharge structure in April, May or June. Dives were not performed in this area during July or August. Cladophora was first noted on the north discharge structure in September and remained through the last dive of the field season.
It was observed only sporadically on the riprap in the intake and discharge areas; growth was unusually sparse and occurred pre- Dead fish and patches of organic debris were occasionally observed. However, during the annual late-spring alewife dieoff, dead fish were still only infrequently observed on the bottom.
11)
With the exception of Dive No. 18, no scour or other significant disturbances of the riprap were observed.
12)
As the divers swam along the bottom, the intensity of reflected light noticeably decreased as they passed from sand to riprap. Pelagic organisms might be attracted to or repelled from an area such as the riprap, where bottom reflected light levels are lower than the surrounding area.
13)
The distribution of snails, crayfish and other biota often appeared uneven (Table 3) . It may well be that the distribution of many biota (speaking primarily of demersal organisms in the case of diving observations) is uneven. Also, the methods, area examined and frequency of observations (including all diving observations) may have been insufficient to determine any overall patterns of unevenness or continuity.
14)
During any monthly series of dives, observed biological activity and diversity was higher at night than during the day and was much higher within the riprap area than outside it.
15)
Transect studies (Table 3) were conducted for the purpose of developing methodologies for quantifying observations. Although monthly and seasonal (comparing Table 3 Limited observations in the plume in an area to the north and outside of the riprap area.
3)
Supplemental sampling operations such as coring, if such sampling is warranted.
4)
An attempt will be made to quantify observations whenever possible, for the purpose of facilitating comparisons in space and time.
Quantification efforts will be emphasized in planned transect swim studies.
An example of the recording format to be used during observations is presented in Figure 2 , for the purpose of illustrating the manner and direction towards which our quantification efforts are proceeding.
5)
Day-night comparisons in faunal diversity, abundance and activity. General visual analysis of the physical and biological status of the area near the Cook Plant.
